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BIOLOGICAL SIGNAL DRAWING
APPARATUS AND BIOLOGICAL SIGNAL
DRAWING METHOD

BACKGROUND OF THE INVENTION

The present invention relates to a biological signal drawing,
apparatus and method 1n which a waveform on the basis of a
biological signal such as a brain wave signal 1s displayed on
a screen such as a displaying device, or printed by a printer.

A biological signal waveiorm which 1s typified by an elec-
troencephalogram or an electrocardiogram 1s output onto
recording paper or the like by an ink recorder, and then used
in clinical examination by doctor. Recently, moreover, a
paperless electroencephalograph or electrocardiograph has
been advanced, and a biological signal such as a brain wave
signal 1s digitized, so that, for example, the digitized signal 1s
sent to a displaying device and an electroencephalogram 1s
displayed on a screen.

In a display 1n which such digital data are drawn on a
screen, a line segment 1s expressed as a set of pixels, and
therefore 1t 1s often that the impression of the waveform 1s
different from that of a wavetorm which 1s drawn on record-
ing paper by using an ink recorder that analogly performs
drawing.

This 1s caused by the phenomenon that the elasticity and
frequency characteristics of a pen of the 1nk recorder cause
the pen not to be able to respond to very small noises, and in
contrast even such noises are faithfully drawn 1n the drawing
of the digital data on the screen.

Theretfore, doctors who have reviewed an electroencepha-
logram on recording paper point out that an electroencepha-
logram displayed on a screen appears difierent from that on
recording paper, and an electroencephalogram on recording,
paper in noiseless and looks clear. Therefore, it 1s requested to
develop a biological signal drawing apparatus which can
perform a waveform display that 1s similar to drawing on
recording paper. There 1s a similar problem also in the case
where a wavelorm 1s printed by a printer 1n addition to dis-
play.

In order to smoothly draw an electroencephalogram, it 1s
contemplated that the smoothing technique 1s applied to the
drawing. In the case where the smoothing technique i1s stmply
applied to the drawing, however, there 1s a possibility that
smoothing affects wavelorm drawing of a characteristic
change of a biological signal waveform, such as spikes in an
clectroencephalogram.

By contrast, in view of a problem that an abnormality
cannot be found unless a wavetform 1s printed out, a solution
has been taken 1n which a format (a two-dimensional pattern)
of recording paper 1s displayed on a monitor (see JP-T-10-
509331). However, a wavelorm 1s drawn by a related-art
technique, and the drawn waveform 1s not made close to a
wavelorm which 1s drawn by an 1nk recorder (see JP-T-10-

509331).

SUMMARY

It 1s therefore an object of the invention to provide a bio-
logical signal drawing apparatus which can perform wave-
form drawing that is close to a waveform which 1s drawn on
recording paper by an ink recorder. It 1s another object of the
invention to provide a biological signal drawing method
which enables wavetorm drawing that 1s close to a wavelform
which 1s drawn by an ink recorder, to be performed.

In order to achieve the object, according to the mvention,
there 1s provided a biological signal drawing apparatus, draw-
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2

ing biological signals as drawing points 1n time series, the
biological signal drawing apparatus comprising:

a thinner which performs a thinning process to thin a first
number of the drawing points corresponding to the biological
signals sampled in each pixel zone, to obtain a second number
of the drawing points for each pixel zone, the second number
being smaller than the first number;

a calculator which, after the thinning process 1s performed,
calculates a parameter based on at least one difference of
values of adjacent two of the drawing points included 1n a
group that includes:

a first drawing point which 1s a center in time series in the

group and which has a first value; and
at least one second drawing point which precedes or suc-
ceeds the first drawing point 1in time series and which has
a second value; and

a processor which performs a process of:

performing a weighted moving average calculation using
the first value, the second value and the calculated
parameter, to obtain a third value; and

replacing the first value of the first drawing point with the

third value.

After the thinming process 1s performed, the drawing points
in each pixel zone may include drawing points having maxi-
mum and minimum values 1n each pixel zone.

The parameter may be calculated based on an absolute
value of the at least one difference of the values of adjacent
two of the drawing points included 1n the group.

The parameter may be calculated by using an exponential
function.

The at least one second point may include two preceding
points and two succeeding points with respect to the first point
in time series, and the parameter may be calculated with
following calculations:

AbsDifl_Sum=[Dift_ | [+|Duft_,[+/Diff, 5 1+|Dudt, | [;
AbsDiff=(AbsDiff Sum)?; and

Smooth_Coef=0.2 exp(—-AbsDiiixK),

where

the parameter 1s Smooth_Coel, absolute values of differ-
ences of values of adjacent two of the preceding drawing
points, the first drawing point and the succeeding drawing
points are |Dift I, IDitt_ I, 1Dttt I, and IDiff .|, respec-
tively, and a coelficient 1s K.

The preceding drawing points may include a first preced-
ing drawing point and a second preceding drawing point, the
succeeding drawing points may include a first succeeding
drawing point and a second succeeding drawing point, the
second preceding drawing point, the first preceding drawing
point, the first drawing point, the first succeeding drawing
point and the second succeeding drawing point may be
arranged 1n this order 1n time series, and the weighted moving
average calculation may be performed with a following cal-
culation:

Vo New=V_,xSmooth_Coef+V_;xSmooth_Coef
+Vox(1-4Smooth_Coet)

+V, (xSmooth_Coef+V, ;xSmooth_Coef,

where

the first value of the first drawing point 1s V, New, and
values of the second preceding drawing point, the first pre-
ceding drawing point, the first succeeding drawing point and
the second succeeding drawing pomtare V_,, V_,, V_,, and
V., ,, respectively.
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The biological signal drawing apparatus may further com-
prise an antialiasing unit which performs antialiasing to a
wavelorm drawn by the drawing points to which the process
having been performed.

According to the invention, there 1s also provided a method
of drawing biological signals as drawing points in time series,
the method comprising:

performing a thinning process to thin a first number of the
drawing points corresponding to the biological signals
sampled in each pixel zone, to obtain a second number of the
drawing points for each pixel zone, the second number being
smaller than the first number;

after the thinning process 1s performed, calculating a
parameter based on at least one difference of values of adja-
cent two of the drawing points included 1n a group that
includes:

a first drawing point which 1s a center 1n time series in the

group and which has a first value; and
at least one second drawing point which precedes or suc-
ceeds the first drawing point in time series and which has
a second value; and

performing a process of:

performing a weighted moving average calculation using
the first value, the second value and the calculated
parameter, to obtain a third value; and

replacing the first value of the first drawing point with the

third value.

After the thinning process 1s performed, the drawing points
in each pixel zone may include drawing points having maxi-
mum and minimum values 1n each pixel zone.

The parameter may be calculated based on an absolute
value of the at least one diflerence of the values of adjacent
two of the drawing points included 1n the group.

The parameter may be calculated by using an exponential
function.

The at least one second point may include two preceding
points and two succeeding points with respect to the first point
in time series, and the parameter may be calculated with
tollowing calculations:

AbsDiff Sum=|Diff ; [+IDiff ,|+IDiff 5 [+IDiff,  ;
AbsDiff=(AbsDiff Sum)’; and

Smooth_Coef=0.2 exp(—AbsDifixX),

where

the parameter 1s Smooth_Coet, absolute values of differ-
ences of values of adjacent two of the preceding drawing
points, the first drawing point and the succeeding drawing
points are |Daff_,l, IDift_,I, IDitt, I, and IDiff, ,I, respec-
tively, and a coelficient 1s K.

The preceding drawing points may include a first drawing,
preceding point and a second drawing preceding point, the
succeeding drawing points may include a first succeeding
drawing point and a second succeeding drawing point, the
second preceding drawing point, the first preceding drawing
point, the first drawing point, the first succeeding drawing
point and the second succeeding drawing point may be
arranged 1n this order in time series, and the weighted moving
average calculation may be performed with a following cal-
culation:

Vo New=V_,xSmooth_Coef+V_;xSmooth_Coef
+Vyx(1-4Smooth Coet)

+V,_xSmooth_Coef+V >,xSmooth_Coef,

where

10

15

20

25

30

35

40

45

50

55

60

65

4

the first value of the first drawing point 1s V, New, and
values of the second preceding drawing point, the first pre-
ceding drawing point, the first succeeding drawing point and
the second succeeding drawing pomtare V_,, V_,, V_,, and
V_, respectively.

The method may further comprise performing antialiasing

to a wavelorm drawn by the drawing points to which the
process having been performed.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a block diagram of an electroencephalograph
which 1s an embodiment of a biological signal drawing appa-
ratus of the present invention.

FIG. 2 1s a flowchart illustrating operation of the electro-
encephalograph.

FIG. 3 1s aview 1llustrating drawing points included 1n each
pixel zone, 1n a biological signal sampled by the electroen-
cephalograph.

FIG. 4 1s a view 1llustrating values of differences between
an interest drawing point and adjacent drawing points that are
used 1n a parameter calculating operation of the electroen-
cephalograph.

FIGS. 5A and 5B are views illustrating the parameter cal-
culating operation of the electroencephalograph.

FIGS. 6A and 6B are views illustrating an operation of
producing drawn 1image data 1n the electroencephalograph.

FIGS. 7A and 7B are views showing examples of wave-
forms 1n the related-art example in which a weighted moving
average calculating process 1s not performed to a waveform
having a small variation, and those in the invention 1n which
the weighted moving average calculating process 1s per-
formed to a wavetorm having a small variation.

FIGS. 8A and 8B are views showing examples of wave-
forms 1n the related-art example 1n which the weighted mov-
ing average calculating process 1s not performed to a wave-
form having a large variation, and those in the invention 1n
which the weighted moving average calculating process 1s
performed to a wavelorm having a large variation.

FIGS. 9A and 9B are views showing examples of wave-
forms which are obtained by conducting a drawing process
without performing antialiasing, and those which are
obtained by conducting a drawing process with performing
antialiasing.

DETAILED DESCRIPTION OF EMBODIMENTS

Hereinaiter, an embodiment of the biological signal draw-
ing apparatus, method, and program of the invention will be
described with reference to the accompanying drawings. FIG.
1 shows the configuration of an electroencephalograph which
1s an embodiment of a biological signal drawing apparatus of
the present invention. A plurality of electrodes 11 including a
reference electrode are attached to the head of a subject A,
lead wires 12 are connected to the electrodes 11, respectively,
and the lead wires are connected to an amplifier 13 of an
clectrode junction box 10. Namely, a brain wave signal which
1s induced 1n one of the electrodes 11 1s sent to the amplifier
13 through the corresponding one of the lead wires 12, and
then subjected to predetermined amplification in the amplifier
13.

An A/D converter 14 1s connected to the amplifier 13 so that
the brain wave signal amplified 1n the amplifier 13 1s con-
verted 1n the A/D converter 14 to a digital signal at a prede-
termined sampling frequency (for example, 200 Hz, 500 Hz,
or 1,000 Hz). The digitized brain wave signal 1s sent to an
inputting portion 21 of a main unit 20. The main unit 20
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includes a central processing unit 30 and a display controlling
portion 22 1n addition to the inputting portion 21.

The mputting portion 21 performs a process of montaging
the brain wave signal (a signal production due to combination
of the electrodes), and further performs a sensitivity process
and a filter process to the brain wave signal to execute removal
of noises and unwanted components, and the like.

The central processing unit 30 performs an electroen-
cephalogram waveform image data by using the digitized
brain wave signal which 1s processed by the mnputting portion
21, and 1s configured by a computer. The central processing
unit 30 includes a thinning unit 31, a parameter calculating,
unit 32, a weighted moving average calculation processing,
unit 33, a waveform 1mage data producing unit 34, and an
antialiasing unit 35.

The wavelorm image data producing unit 34 sets an axis of
the value of a biological signal 1n the vertical direction. The
wavelorm 1image data producing unit 34 arranges pixel zones
in the lateral direction and sets the same as a time axis. The
wavelorm 1mage data producing unit 34 repeats, in the time
axis direction, a process of allocating respective first numbers
of sampled biological signals to the pixel zones and setting
the value of each biological signal as a drawing point to
perform drawing 1n each of the pixel zones. In the embodi-
ment, the first number is set to 3.

The thinning unit 31 performs a thinning process to thin the
first number of drawing points 1n each pixel zone in the time
ax1is direction, to obtain a second number of drawing points
for each pixel zone. The second number 1s smaller than the
first number. In the embodiment, the thinning unit 31 executes
a process of leaving the maximum and minimum values of the
drawing points.

The parameter calculating unit 32 performs a process of,
based on a difference of values of adjacent drawing points by
using values of a plurality of drawing points which precede or
succeed a drawing point of interest (hereinafter, often referred
to as an interest drawing point) 1n a case where drawing points
as a result of the thinning process by the thinning unit 31 are
arranged 1n time series, performing a predetermined calcula-
tion to calculate a parameter, while sequentially shifting the
interest drawing point. In the embodiment, the parameter
calculating unmit 32 performs the process by using the values
of two drawing points which precede the interest drawing
point 1n time series, and two drawing points which succeed
the 1nterest drawing point in time series.

When absolute values of differences of values of adjacent
drawing points of the two preceding and two succeeding

drawing points with respect to the interest drawing point are
|Daft L1, Dt I, IDatf I, and IDift_,|, respectively, and a

|
+1'?
coellicient 1s K, the parameter calculating unit 32 in the
embodiment performs following Expression 1 to obtain a

parameter Smooth_Coef.

AbsDiff Sum=IDiff_, |+|Diff_, |+ Diff, 5 [+ Diff, ;|
AbsDiff=(AbsDiff Sum)’

Smooth_Coef=0.2 exp(—AbsDifixX) (Expression 1)

In order to determine the degree of the variation of the
wavelorm, the parameter Smooth_Coel1s calculated by using,
the absolute value of the difference between the value of the
interest drawing point and that of an adjacent drawing point.
In order to apply weak smoothing to a portion where the
variation of the waveform 1s large, and strong smoothing to a
portion where the variation of the wavetform 1s small, further-
more, the parameter Smooth_Coet 1s calculated by using an
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6

exponential function 1n which a factorial (for example, cube)
of the absolute value of the difference of adjacent drawing
points 1s mput.

The weighted moving average calculation processing unit
33 performs a process of performing a weighted moving
average calculation by applying the parameter obtained in the
parameter calculating unit 32 to the value of the interest
drawing point and values of at least one drawing points which
precede or succeed the interest drawing point, and replacing
the value of the interest drawing point with a value of a result
of the weighted moving average calculation, while sequen-
tially shifting the interest drawing point.

The antialiasing umit 35 performs antialiasing to a wave-
form which 1s produced by the wavetorm 1mage data produc-
ing unit 34 on the basis of a result of the process by the
weighted moving average calculation processing unit 33. The
antialiasing unit 35 1 the embodiment 1s configured by GDI+
from Microsoit Corporation (Microsoit 1s a registered trade-
mark).

Image data of the wavetorm produced by the wavelform
image data producing unit 34 are sent to the display control-
ling portion 22. The display controlling portion 22 displays
the image data on a displaying portion 25 configured by LEDs
or the like.

In the above-described configuration, the thinming unit 31,
the parameter calculating unit 32, the weighted moving aver-
age calculation processing unit 33, the waveform image data
producing unit 34, and the antialiasing unit 35 are realized by
executing programs corresponding to the flowchart shown 1n
FIG. 2, on the computer. Therefore, the operation will be
described with reference to the flowchart shown 1n FIG. 2.

First, a biological signal 1s acquired from the inputting
portion 21 (S11), and the thinning process of leaving the
maximum and minimum values 1n each pixel zone 1s con-
ducted (S12: thinming step). When a sampling rate 1s set so
that three drawing points are included 1n each pixel zone as
shown 1n FIG. 3, for example, two values, or the maximum
and minimum values are left 1n each pixel zone. The drawing
points which are indicted by the broken lines in FIG. 6 A are
thinned out from the drawing points shown 1n FIG. 3. As a
result, the waveform 1mage data producing unit 34 draws two
drawing points 1n each pixel zone, so that the process load can
be reduced.

Next, for a row of the drawing point obtained as a result of
the thinning, the parameter 1s calculated by Expression 1
above, with using the value of the interest drawing point and
the values of two preceding and two succeeding drawing
points with respect to the interest drawing point (S13: param-
cter calculating step). FIG. 4 shows a manner where, with
respect to the interest drawing point P0, two drawing points
P-1, P-2 exist preceding the interest drawing point P0 1n time
series, two drawing points P+1, P+2 exist succeeding the
interest drawing point PO in time series, and the values of
differences between adjacent two of the drawing points P-2,
P-1, PO, P+1 and P+2 are Datl_,, Datt_,, Diif, ,, and Daff_ .

The step of calculating the parameter 1s performed on all
drawing points while sequentially shifting the interest draw-
ing point. Empirically, it 1s preferable that the constant K 1s
about 0.001.

Next, by using the parameter Smooth_Coef calculated 1n
the parameter calculating step, a weighted moving average
calculation 1s performed by Expression 2 below to replace the
value of the interest drawing point with the value of a result of
the weighted moving average calculation (514: weighted
moving average calculation processing step).

Vo New=V_,xSmooth_Coef+V_;xSmooth_Coef
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+Vx(1-4Smooth_Coef)

+V, (xSmooth_Coef+V ,xSmooth_Coefl (Expression 2)

The weighted moving average calculation processing step
1s conducted while being corresponded to the interest draw-
ing point 1in the parameter calculating step. Next, a wavelform
image data producing process 1s conducted (S135: wavelform
image data producing process step). In step S13, an axis of the
value of a drawing point 1s set in the vertical direction, pixel
zones are arranged 1n the lateral direction and set as a time
axis, and a process of allocating respective predetermined
numbers (in the example, two or maximum and minimum) of
drawing points to the pixel zones, setting the values of the
drawing points as drawing points, and performing drawing in
cach pixel zone 1s repeated 1n the time axis direction.

When three drawing points are sampled 1n one pixel zone
as shown in FIG. SA and the drawing points are drawn as they
are, for example, the wavelorm image data producing process
step functions 1n the following manner. As shown 1n FI1G. 5B
in which the order 1s indicated by a number 1n a circle, P11 1s
drawn 1n the same pixel zone, drawing in which a filling
process 1s performed from P11 to P12 1s conducted, and
drawing in which a filling process 1s performed from 212 to
P13 1s then conducted. Next, drawing 1s conducted while the
time axis 1s shifted to the pixel zone which 1s adjacent to the
pixel zone of P11, P12, and P13. After shifting, P21 1s first
drawn, drawing 1n which a filling process 1s performed from
P21 to P22 is conducted, and drawing in which a filling
process 1s performed from P22 to P23 is then conducted.
Subsequently, the drawing process 1s repeated 1n a similar
mannet.

In the embodiment, by contrast, the maximum and mini-
mum drawing points are obtained from three drawing points
in one pixel zone shown 1n FIG. 6A, and the drawing point
indicated by the broken line 1s thinned out. As described
above, furthermore, the weighted moving average calculating
process 1s performed so that the pixel value 1s converted by
Expression 2. In FIG. 6A, the drawing points which are con-
verted as a result of the weighted moving average calculating,
process are shown as Pall, Pal2, Pa22, Pa23, Pa32, and Pa33.
In this case, the wavelorm 1mage data producing process step
functions 1n the following manner. The converted two points
in each pixel zone shown 1n FIG. 6 A are drawn. As shown 1n
FIG. 6B 1n which the order 1s indicated by a number 1n a
circle, Pall 1s drawn 1n the same pixel zone, and drawing 1n
which a filling process 1s performed from Pall to Pal2 1s
conducted. Next, drawing 1s conducted while the time axis 1s
shifted to the pixel zone which 1s adjacent to the pixel zone of
Pall and Pal2. After shifting, Pa22 i1s drawn, and drawing 1n
which a filling process 1s performed from Pa22 to Pa23 1s
conducted. Subsequently, the drawing process 1s repeated in a
similar manner.

FIGS. 7A to 8B show results of the drawing processes.
FIG. 7A shows wavelorms in the related-art example 1n
which the weighted moving average calculating process 1s not
conducted, and FIG. 7B shows waveforms 1n the invention in
which the weighted moving average calculating process 1s
conducted. As apparent from FIGS. 7A and 7B, 1t can be
confirmed that small noises which are not produced by an 1nk
recorder are removed from the wavetorm of FIG. 7B, and the
wavelorm 1s clear.

FIGS. 8A and 8B show waveforms having a large variation.
FIG. 8A shows wavelorms in the related-art example 1n
which the weighted moving average calculating process 1s not
conducted, and FIG. 8B shows waveforms 1n the invention in
which the weighted moving average calculating process 1s
conducted. As apparent from rear half portions of the second
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and fourth waveforms from the top of FIGS. 8A and 8B, it is
shown that, in a portion where a waveform has a large varia-
tion, substantially no variation i1s produced by the weighted
moving average calculating process, and necessary informa-
tion related to variations 1s not eliminated. As apparent from
a comparison of the third wavelorms from the top of FIGS.
8A and 8B, 1t can be confirmed that minute fluctuations are
removed from a waveform having a small variation.

According to the embodiment, as described above,
smoothing can be strongly applied to a portion where the
variation of the waveform 1s small, and weakly applied to a
portion where the variation of the wavelform 1s large. There-
fore, minute fluctuations which are produced 1n a wavetform
characteristic of a digital 1image can be removed without
removing a change which 1s characteristic of a biological
signal wavelform, and a waveform which 1s close to a wave-
form drawn on recording paper can be drawn.

After step S15, as shown 1 FIG. 4, antialiasing 1s per-
formed to perform an operation of controlling the display
(S16: antialiasing step). FIGS. 9A and 9B show waveforms
(F1G. 9A) which are obtained by conducting a drawing pro-
cess without performing antialiasing, and wavetforms (FIG.
9B ) which are obtained by conducting a drawing process with
performing antialiasing. When antialiasing i1s performed,
jaggy of aline of a waveform can be eliminated, and 1t 1s
possible to obtain a smooth and natural waveiorm.

Since no difference 1s produced between a waveform on
recording paper and an electroencephalogram drawn on a
displaying device or the like, there 1s a further effect that
doctors can well mterpret an electroencephalogram without
feeling a sense of incongruity.

What 1s claimed 1s:

1. A biological signal drawing apparatus, drawing biologi-
cal signals as drawing points in time series, the biological
signal drawing apparatus comprising:

a thinner which performs a thinning process to thin a first
number of the drawing points corresponding to the bio-
logical signals sampled 1n each pixel zone, to obtain a
second number of the drawing points for each pixel
zone, the second number being smaller than the first
number;

a calculator which, after the thinning process 1s performed,
calculates a parameter for smoothing the drawing points
of the biological signal based on at least one difference
of values of adjacent two of the drawing points included
in a group that includes:

a first drawing point which 1s a center 1n time series in the
group and which has a first value; and

at least one second drawing point which precedes or
succeeds the first drawing point in time series and
which has a second value; and
a processor which performs a process of:
performing a weighted moving average calculation
using the first value, the second value and the calcu-
lated parameter, to obtain a third value; and

replacing the first value of the first drawing point with
the third value and displaying the third value adjacent
to the second value 1n a smoothed biological signal
wavetorm.

2. The biological signal drawing apparatus according to
claim 1, wherein after the thinning process is performed, the
drawing points in each pixel zone include drawing points
having maximum and minimum values 1n each pixel zone.

3. The biological signal drawing apparatus according to
claiam 1, wherein the parameter 1s calculated based on an
absolute value of the at least one difference of the values of
adjacent two of the drawing points included 1n the group.
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4. The biological signal drawing apparatus according to
claim 1, wherein the parameter 1s calculated by using an
exponential function.

5. The biological signal drawing apparatus according to
claim 1, wherein the at least one second point includes two
preceding points and two succeeding points with respect to
the first point 1n time series, and the parameter 1s calculated
with following calculations:

AbsDiff Sum=|Diff_; [+IDiff ,|+IDiff , [+IDiff, ;
AbsDiff=(AbsDiff Sum)’; and

Smooth_Coef=0.2 exp(—AbsDifixX),

where

the parameter 1s Smooth_Coet,

absolute values of differences of values of adjacent two of

the preceding drawing points, the first drawing point and
the succeeding drawing points are |Dift_, [, IDatt_, [, 1Daff,
1, and |Diff,| respectively, and

a coellicient 1s K.

6. The biological signal drawing apparatus according to
claim 5, wherein the preceding drawing points include a first
preceding drawing point and a second preceding drawing
point,

the succeeding drawing points mclude a first succeeding

drawing point and a second succeeding drawing point,
the second preceding drawing point, the first preceding
drawing point, the first drawing point, the first succeed-
ing drawing point and the second succeeding drawing
point are arranged in this order 1n time series, and

the weighted moving average calculation 1s performed
with a following calculation:

Vo New=V_,xSmooth Coef+V_ xSmooth Coef
+Vox(1-4Smooth_Coef)

+V, (xSmooth_Coef+V, ,xSmooth_Coef,

where
the first value of the first drawing point 1s VoNew, and
values of the second preceding drawing point, the first
preceding drawing point, the first succeeding drawing
point and the second succeeding drawing point are V-2,
V-1, V+1, and V+2 1 respectively.
7. The biological signal drawing apparatus according to
claim 1, further comprising:
an antialiasing unit which performs antialiasing to the
smoothed biological signal waveform drawn by the
drawing points to which the process having been per-
formed.
8. A method of drawing biological signals as drawing
points in time series, the method comprising:
performing a thinning process to thin a first number of the
drawing points corresponding to the biological signals
sampled in each pixel zone, to obtain a second number of
the drawing points for each pixel zone, the second num-
ber being smaller than the first number;
after the thinming process 1s performed, calculating a
parameter for smoothing the drawing points of the bio-
logical signal based on at least one difference of values
of adjacent two of the drawing points included in a group
that includes:
a first drawing point which i1s a center in time series in the
group and which has a first value; and
at least one second drawing point which precedes or
succeeds the first drawing point 1n time series and
which has a second value; and
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performing a process of:

performing a weighted moving average calculation
using the first value, the second value and the calcu-
lated parameter, to obtain a third value; and

replacing the first value of the first drawing point with
the third value and displaying the third value adjacent
to the second value 1 a smoothed biological signal
wavelorm.

9. The method according to claim 8, wherein after the
thinning process 1s performed, the drawing points 1n each
pixel zone include drawing points having maximum and
minimum values 1n each pixel zone.

10. The method according to claim 8, wherein the param-
cter 1s calculated based on an absolute value of the at least one
difference of the values of adjacent two of the drawing points
included 1n the group.

11. The method according to claim 8, wherein the param-
cter 1s calculated by using an exponential function.

12. The method according to claim 8, wherein the at least
one second point includes two preceding points and two
succeeding points with respect to the first point in time series,
and

the parameter 1s calculated with following calculations:

AbsDiff Sum=|Diff [+ Diff ,|+IDiff, 5 |+IDiff, ;
AbsDiff=(AbsDiff Sum)-; and

Smooth_Coef=0.2 exp(—-AbsDiiixK),

where

the parameter 1s Smooth_Coet,

absolute values of differences of values of adjacent two of

the preceding drawing points, the first drawing point and
the succeeding drawing points are |Diff_,[, Dl
IDitt 1, and Dt , |, respectively, and

a coellicient 1s K.

13. The method according to claim 12, wherein the preced-
ing drawing points include a first drawing preceding point and
a second drawing preceding point,

the succeeding drawing points include a first succeeding

drawing point and a second succeeding drawing point,
the second preceding drawing point, the first preceding
drawing point, the first drawing point, the first succeed-
ing drawing point and the second succeeding drawing
point are arranged in this order 1n time series, and

the weighted moving average calculation 1s performed

with

a Tfollowing calculation:

_]_lj

Vo New=V_,xSmooth_Coef+V_;xSmooth_Coef
+Vox(1-4Smooth_Coet)

+V, (xSmooth_Coef+V, ,xSmooth_Coef,

where

the first value of the first drawing point 1s VoNew, and
values of the second preceding drawing point, the first
preceding drawing point, the first succeeding drawing
point and the second succeeding drawing point are V _,,
V_,,V_,,and V_,, respectively.

14. The method according to claim 8, further comprising:

performing antialiasing to the smoothed biological signal
wavelorm drawn by the drawing points to which the
process having been performed.
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